Objectives: Sepsis-3 recommends using the quick Sequential Organ Failure Assessment (qSOFA) score followed by SOFA score for sepsis evaluation. The SOFA is complex and unfamiliar to most emergency physicians, while qSOFA is insensitive for sepsis screening and may result in missed cases of sepsis. The objective of this study was to devise an easy-to-use simple SOFA score for use in the emergency department (ED). Methods: Retrospective study of ED patients with sepsis with in-hospital mortality as the primary outcome. A simple SOFA score was derived and validated and compared with SOFA and qSOFA. Results: A total of 3297 patients with sepsis were included, and in-hospital mortality was 10.1%. Simple SOFA had a sensitivity and specificity of 88% and 44% in the derivation set and 93% and 44% in the validation set for in-hospital mortality, respectively. The sensitivity and specificity of qSOFA was 38% and 86% and for SOFA was 90% and 50%, respectively. There were 2760 (84%) of 3297 qSOFA-negative (<2) patients. In this group, simple SOFA had a sensitivity and specificity of 86% and 48% in the derivation set and 91% and 48% in the validation set, respectively. Sequential Organ Failure Assessment was 86% sensitive and 57% specific in qSOFA-negative patients. For all encounters, the areas under the receiver-operator characteristic curves (AUROC) were 0.82 for SOFA, 0.78 (derivation) and 0.82 (validation) for simple SOFA, and 0.68 for qSOFA. In qSOFA-negative patients, the AUROCs were 0.80 for SOFA and 0.76 (derivation) and 0.82 (validation) for simple SOFA. Conclusions: Simple SOFA demonstrates similar predictive ability for in-hospital mortality from sepsis compared to SOFA. External validation of these findings is indicated.
Introduction
Despite years of research and emphasis on early recognition, sepsis remains a disease with a high morbidity and mortality that presents a diagnostic challenge. In the most recent revision of the sepsis definitions, Sepsis-3, an expert consensus panel redefined sepsis as a "dysregulated host response to infection," rather than a "systemic response," 1 allowing for the concept of concomitant inflammation and immunosuppression. [2] [3] [4] [5] This shift represents the most significant change to the definition of sepsis since its inception.
Central to Sepsis-3 is a focus on organ dysfunction in the setting of infection, which is quantified using the Sequential (sepsis-related) Organ Failure Assessment (SOFA) score. Sequential Organ Failure Assessment was designed for patients with sepsis and has been validated as a potent predictor of clinical outcomes after sepsis. [6] [7] [8] [9] [10] [11] In their recommendations, the study group also derived a tool for bedside sepsis screening in non-intensive care unit (ICU) settings called quick SOFA, or qSOFA, which assigns points for respiratory rate !22 breaths/ minute, altered mental status, or systolic blood pressure 100 mm Hg. 12 If qSOFA< 2, calculation of a full SOFA score using laboratory results is recommended, 1 with SOFA !2 constituting sepsis. 1 However, the new definitions have been criticized for being overly focused on existing organ dysfunction rather than detecting those at risk for subsequent dysfunction; for concerns that qSOFA is insensitive as a screening tool 13 ; and for replacing previous definitions that led to improvements in clinical care and patient outcomes. [14] [15] [16] Other barriers to translation to clinical practice include the need for arterial blood gas measurements for the ratio of arterial partial pressure of oxygen to the fraction of inspired oxygen (FiO 2 ); the need for liver function tests for total bilirubin; the lack of familiarity of noncritical care practitioners with SOFA as well as it's complexity; and the inability to apply the definitions in austere environments due to the lack of certain laboratory tests to make the diagnosis.
One major potential pitfall of using qSOFA as a screening test for sepsis is that whether qSOFA is negative (score < 2), patients will require a full SOFA score to diagnose sepsis. Clinical application of SOFA is therefore potentially problematic, as its complexity may lead to its abandonment. A simple SOFA score that uses similar but readily available quantifiable parameters would have enhanced clinical utility if test characteristics can be maintained. The primary objective of this study, therefore, was to derive and validate simple SOFA for prediction of in-hospital mortality in patients admitted from the emergency department (ED) with sepsis. Our goal was for simple SOFA to have similar predictive ability to full SOFA and be more sensitive than qSOFA, having particular utility in qSOFA-negative patients. We also sought to compare the prognostic value of SOFA, qSOFA, and the simple SOFA score. We hypothesize that the simple SOFA score will be an accurate substitute for SOFA, useful for predicting in-hospital mortality from sepsis.
Methods

Study Design and Selection of Participants
We performed a retrospective review of all adult patients (age ! 18 years) admitted through the UF Health Jacksonville ED with a diagnosis of sepsis, and with a primary discharge diagnosis of sepsis from October 1, 2013, to May 15, 2016 . UF Health Jacksonville is a not-for-profit institution, a 696-bed level 1 trauma center with 142 intensive care beds, and a regional referral center.
Using methods similar to Angus et al, patients meeting clinical criteria for sepsis on admission, and with a discharge International Classification of Diseases, Ninth Revision or International Classification of Diseases, Tenth Revision code for sepsis were identified via the electronic health record. 17 Patients who were incarcerated were excluded from the study. Review of this study and approval was obtained from the institutional review board of UF Health Jacksonville .
Data Collection and Variables
The retrospective electronic health record query yielded data on patient demographics (age, sex, and race), initial vital signs, and laboratory values for the calculation of scoring criteria within 24 hours of ED presentation. Additional data including culture results, inpatient disposition, ICU length of stay, mechanical ventilation use, vasopressor use, and in-hospital mortality were also collected. Comorbidities were quantified using the Charlson Comorbidity Score. 18, 19 Scoring Sequential Organ Failure Assessment score is a quantitative score-based assessment of 6 organ systems with points assigned from 0 (no dysfunction) to 4 (severe dysfunction), with 24 being the highest possible total score. All data for SOFA score calculation were abstracted from the chart retrospectively. Data were taken from the earliest set of laboratory, vital signs, or clinical assessments from the first 24 hours of admission and preferentially from ED data. Glasgow coma scale was obtained from nursing documentation. Quick Sequential Organ Failure Assessment criteria were calculated as described earlier. 3 
Statistical Analysis
Simple SOFA criteria selection. The patient encounters were randomly assigned to 1 of 2 data sets, with 2209 encounters (two-thirds) in the derivation set and 1088 encounters in the validation set. Univariate testing of relevant clinical and laboratory criteria which are either easily attainable in the ED or already included in SOFA was performed on both derivation and validation sets. These included any vasopressor or inotrope use, FiO 2 > .21 (room air), FiO 2 > .27 (2 liters nasal cannula), FiO 2 > .33 (4 liters nasal cannula), creatinine > 1.2 mg/dL, platelet count < 150 Â 10 3 /mm 3 , bands > 5%, heart rate > 100 beats/min, heart rate > 90 beats/min, lactate > 2 mmol/L, and lactate > 4 mmol/L. We excluded total bilirubin measurement, as liver function tests are not frequently ordered for diagnosing sepsis in the ED and are least likely to add value in patients without scleral icterus or jaundice. 20 Similarly, the neurologic component of the score based on GCS was eliminated due to confounding of intubation status secondary to sedative medications, previously reported inaccuracies in its calculation in routine clinical practice, 21 and data suggesting that it adds little to the predictive value of the SOFA score. 22 Bands >5% was included as relevant laboratory criteria, as there is data to suggest its predictive ability for mortality in ED patients with sepsis. 23 As there were no differences in the discriminant abilities of higher FiO 2 levels over FiO 2 > 0.21 in the univariate analysis, FiO 2 > .21 was chosen for inclusion in the regression analysis. Heart rate >100 beats/min was more strongly associated with in-hospital mortality from sepsis than a cutoff of 90 beats/min, and previous work from our group has shown that heart rate >100 beats/min on admission is associated with in-patient mortality in ED patients. 24 Cut points for variables included from full SOFA were based on the minimal value required for a component SOFA score of 1 for creatinine and platelet count.
A multivariable logistic regression model was created using the derivation set to generate the scoring for simple SOFA with missing data imputed using multiple imputation. The Hosmer and Lemeshow goodness-of-fit test was used to test the model fit, and Pearson w 2 was applied to compare observed counts with expected counts. Scoring for each criterion was determined by rounding the unadjusted odds ratio to the nearest integer and dividing by 2, with a value !2 assigned a score of 2 and value <2 assigned a score of 1. Final criteria included in simple SOFA were any vasopressor or inotrope use (2 points), creatinine >1.2 mg/dL (1 point), platelet count <150 Â 10 3 /mm 3 (1 point), FiO 2 >21% (1 point), HR >100 beats/min (1 point), and bands >5% (1 point; Table 1 ).
Derivation and Validation Methods
To assess the performance of simple SOFA ! 2 in predicting the outcomes, receiver-operator characteristic (ROC) analysis using validation data was used. The performance of the same model fit (trained) using the derivation data set was then assessed by applying it to the validation data set. The fit of the model was assessed using the Hosmer and Lemeshow goodness-of-fit test.
Counts and percentages were used to summarize categorical data. Medians and lower and upper quartiles were used to summarize continuous data. The primary outcome was the rate of all-cause, in-hospital mortality. Sensitivities and specificities were calculated for patients with a discharge diagnosis of sepsis with a score of 2 or more for SOFA, qSOFA, or simple SOFA and were compared to patients with a score of <2. Areas under the ROC curves (AUROCs) were calculated for each outcome for all SOFA, qSOFA, and simple SOFA, respectively. All analyses were performed using SAS 9.4 (Cary, North Carolina).
Results
There were 3297 encounters for sepsis meeting study criteria. Mean age was 58 years (standard deviation [SD]: 17.3), with 51% female patients, 51% African American, and 44% caucasian patients. The overall in-hospital mortality was 332 (10.1%) of 3297 . There were 861 (26%) of 3297 patients who required vasopressors, while 189 (6%) of 3297 required mechanical ventilation and 748 (22.7%) of 3297 patients had an ICU length of stay !3 days. Mean lactate upon presentation was 2.8 mmoL/L (SD: 2.9). Demographic characteristics are presented in Table 2 . Features of sepsis encounters are presented in Table 3 .
Adjusting for all the other variables in the model, the odds ratios for simple SOFA components for in-patient mortality were 3.5 (95% confidence interval [CI]: 2.4-5.1) for any vasopressor or inotrope use, 3.2 (95% CI: 2.2-4.7) for FiO 2 >21%, 1.7 (95% CI: 1.2-2.5) for creatinine >1.2 mg/dL, 1.5 (95% CI: 1.0-2.2) for platelet count <150 Â 10 3 /mm 3 , 1.2 (95% CI: 0.8-1.8) for bands >5%, and 0.9 (95% CI: 0.7-1.3) for heart rate >100 beats/min. Although the confidence intervals for bands >5% and heart rate >100 beats/min did not achieve significance, they were included in the final score because they improved score performance, enhancing both sensitivity and specificity.
For patients included in this study, 1783 (54.1%) of 3297 had SOFA !2 and 537 (16%) of 3297 had qSOFA !2. For all patients, the sensitivity and specificity of SOFA !2 for inhospital mortality were 90% and 50%, and for qSOFA !2 were 38% and 86%, respectively. Simple SOFA !2 had a sensitivity and specificity of 88% and 44% in the derivation set and 93% and 44% in the validation set for in-hospital mortality, respectively (Table 4 ).
Of all sepsis admissions, 2760 (84%) of 3297 were qSOFA negative (< 2) and formed the basis of the subgroup of primary interest in this study. Of these, 1287 (47%) had a SOFA !2. In qSOFA-negative patients, simple SOFA had a sensitivity and specificity of 86% and 48% in the derivation set and 91% and 48% in the validation set for in-hospital mortatlity, respectively. This was very similar to the sensitivity and specificity of full SOFA at 86% and 57%, respectively.
Receiver-operator characteristic curves for all sepsis admissions and for qSOFA-negative encounters were generated and AUROCs calculated (Figure 1 ). For all encounters, AUROCs were 0.82 for SOFA, 0.78 (derivation) and 0.82 (validation) for simple SOFA, and 0.68 for qSOFA. In qSOFA-negative patients, the AUROCs were 0.80 for SOFA and 0.76 (derivation) and 0.82 (validation) for simple SOFA. Additionally, a c graphical representation of mortality with increasing simple SOFA score is presented in Figure 2 .
Discussion
In this retrospective study of ED patients with sepsis, we have demonstrated that an easy-to-use simple SOFA score using widely available clinical criteria has similar sensitivity and specificity to SOFA for predicting in-hospital mortality.
In addition, simple SOFA had very similar sensitivity and specificity to SOFA in qSOFA-negative patients, a population we believe is at risk of being missed for the diagnosis of sepsis. The proposal to use SOFA score as part of the sepsis definition is based on the well-validated predictive ability of SOFA score for important outcomes after sepsis. [9] [10] [11] [12] [13] [14] However, SOFA was not intended for bedside or ED use and has several barriers that prevent its clinical adoption, which provided the rationale for qSOFA. As multiple groups have demonstrated, qSOFA is insensitive with a sensitivity of 38% for in-hospital mortality in this study. 13, [25] [26] [27] Therefore, qSOFA is clearly not a viable screening test but rather a rapid "rule-in" for identification of high-risk sepsis. This fact is concerning given that hospital EDs and general wards may tailor their sepsis screening protocols based on the poorly sensitive qSOFA criteria. Although the findings of this study must be validated, our concept offers a usable alternative to SOFA in qSOFA-negative patients with suspected sepsis.
Of note in this study was that of 332 in-hospital mortalities from sepsis, none of the evaluated scores was sufficiently sensitive to identify all patients. Sequential Organ Failure Assessment had a sensitivity of 90% and identified 299 patients, while simple SOFA had a sensitivity of 90% and identified 298 patients. Quick Sequential Organ Failure Assessment was least sensitive identifying only 125 patients from the general population. One must keep in mind that no scoring system is perfect, and while 2 of the 3 scores performed quite well, 33 patients who succumbed to sepsis would still have been missed by all scores.
After further validation, we propose that the findings of this study could be practically applied during a patient's initial evaluation for sepsis. First, qSOFA should be applied and if >1, this would prompt immediate treatment with early, aggressive care, given the high mortality of this subset of patients. If negative, a focused clinical and laboratory assessment would be initiated with application of the simple SOFA score which, if positive, would prompt early, aggressive care for sepsis ( Figure 3 ). Patients who are both qSOFA negative and simple SOFA negative could be treated at the discretion of the providers based on clinical judgment, as full SOFA score would likely have marginal if any increased sensitivity for adverse clinical outcomes based on these data.
In comparison to the study by Seymour et al, which demonstrated an AUROC of 0.69 for qSOFA in the baseline model, the unadjusted AUROC of 0.68 from this study is nearly identical. 12 Only after adjustment for decile of baseline risk did the AUROC improve to 0.81 in the Seymour study. The authors also note that "most encounters with infection had less than 2 qSOFA points, and mortality ranged from 1% to 24% over the score range" and that "24% of encounters with infection with 2 or 3 qSOFA points accounted for 70% of deaths or ICU stays." In comparison with this study, the sensitivity and specificity in the general population of 38% and 86%, respectively, are comparable. However, if one considers that we are trying to identify patients at high risk of death, using qSOFA alone would have resulted in an unacceptably high number (207) of missed cases with sepsis. This reiterates the need for subsequent formalized risk assessment if qSOFA is negative. This study had several limitations. This was a retrospective, single-center study of a new scoring system and external validation is recommended. However, procedures for identifying Figure 1 . Receiver-operator characteristic (ROC) curves with areas under the curve calculated. Encounters analyzed by all sepsis encounters and quick Sequential Organ Failure Assessment (qSOFA)-negative encounters for sequential organ failure assessment (SOFA). Simple SOFA analyzed by all sepsis encounters in derivation and validation sets, and qSOFA-negative encounters in derivation and validation sets. Receiveroperator characteristic curve for qSOFA is for all sepsis encounters. Areas under the ROC curves for each score are displayed parenthetically in the legend. sepsis based on diagnosis codes were standardized and based on previously validated methods. 17 This study was limited to determining predictive ability for meaningful outcomes after sepsis (mortality) rather than confirming the sepsis diagnosis and as such may have missed some sepsis cases that did not receive the sepsis diagnosis. However, we do believe that the mortalities, incidences of organ failure, and need for advanced care, such as vasopressors and ICU care are reflective of the bulk of the sepsis literature. Also, because patients were identified using billing diagnosis codes, the performance of this score is unknown among patients with sepsis who lack a billing code diagnosis of sepsis.
Conclusion
In this analysis, simple SOFA performed similar to SOFA for predicting in-hospital mortality in all patients admitted with sepsis as well as qSOFA-negative patients with sepsis. External validation of these findings is indicated. Figure 2 . Estimated probability of death with increasing simple Sequential Organ Failure Assessment (SOFA) score with 95% confidence intervals. 
